attack Bacillus megaterium (Friedman and Cowles, 1953) , the viruses active on Micrococcus pyogenes var. aureus (Rountree, 1949) , and those on Streptococcus lactis (Wilkowske et al., 1954a) . In addition to serology, biological properties including growth curves of the phages on their homologous hosts, and physical inactivation characteristics such as heat resistance and pH sensitivity are included in most classification systems so far proposed. The present investigation was directed along similar lines in order to contribute an additional phage system to aid in the taxonomy of bacterial viruses in general. W-1A, W-2a, and B on strain 1947; W-5 on strain 1949; and phage C-131 on the C-131 strain. Of these W-1, W-2a, W-3 and W-5 were isolated at Wisconsin whereas B and C-131 were received from industrial concerns. Phage W-1A was derived from a suspension of W-1 phage and has been identified as being carried by the lysogenic S. griseus 1945, the host of W-1.
The phages were propagated in 500 ml flasks with 100 ml of medium containing in g per L: yeast extract 3, glucose 2.5, peptone 1 and tap water 1000. Two to three ml of a heavy suspension of spores of the host were added and the flasks incubated on a rotary shaker (350 rpm) at 30 C for 6-12 hr. At this age the spores were well germinated and a young mycelium susceptible to phage lysis had developed. This culture was then inoculated with 1 ml of the virus at a concentration of 107 to 108 particles per ml. The flask was returned to the incubator for 2-4 hr, then removed from the shaker to stop growth of the submerged mycelium and allowed to stand undisturbed for another 6 to 8 hr. In such a 24 hr cycle titers of about 109 phage particles per ml were regularly obtained. At time of harvest, the cell debris was eliminated by centrifugation and the supernatant containing the virus was passed through a sterile Seitz filter, bottled and stored at 4 C where it remains stable for several months, the pH being in the range of 6.8 to 7.2. The phages were titered on assay medium of the following composition in g per L: glucose 5, yeast extract 10, K2HPO4 1, agar 15, tap water 1000. The plates were slightly dried by pouring one day in advance of use. Serial tenfold dilutions of the phage suspension were made in 0.1 per cent peptone water (preferred over distilled water for its greater protective effect on the phage). One tenth ml of diluted virus was transferred onto the agar surface and to this was added 0.1 ml of a spore suspension of the proper host; the mixture was then spread evenly over the surface of the plate. Following 24-36 hr incubation, the time being determined by the rate of growth of the host strain, those plates representing the highest dilution at which 30-300 plaques developed were counted and the proper titer calculated. This spreading technique is used as it provides conditions for rapid development of aerial mycelium in the growth of the Streptomyces species (Chang, 1953) .
The methods employed for the general classification of S. griseus phages were adapted from those of Adams (1950) . For the production of antiserum, a total of 10 ml of virus at a concentration of 101-109 particles per ml was injected per rabbit over a period of 25 days. The neutralizing power of an antiserum was determined in terms of a constant, k. The serum was diluted to 1:100 and 1:1000 and 1 ml of the antigen contamiing 107 phage particles per ml was added to 9 ml of each dilution of antiserum at 37 C. (1) Neutralization of group B phages upon exposure to W-1 antiserum: W-1 phage (107 particles/ml) was exposed to 1:1000 dilution of the serum, whereas W-5 phage at the same concentration was reacted with a dilution of 1:100 of W-1 serum. (2) Neutralization of W-5 phage at 107 concentration by its homologous antiserum diluted 1:1000. against W-3 and W-5, however, reacted only with their homologous phages W-3 and W-5, respectively. Although W-1 serum gave only partial neutralization of W-5 phage (a maxmum of 86 per cent was obtained at 1: 2 concentration of W-1 antiserum), the W-1 and W-5 phages were tentatively grouped together and group B was formed. The remaining phage, W-3, was retained in a group by itself and termed group C. The extent and rate of neutralization of group A phages with W-2a antiserum are shown in figure 1 where the log of the percentage of free phage after exposure to antiserum is plotted against time. The heterologous phages are neutralized more slowly and to a lesser extent by W-2a serum than the homologous W-2a phage, a phenomenon also reported for other phage systems by Burnet (1933a) and by Friedman and Cowles (1953) . These curves thus show that the phages are related but serologically distinct from each other. Neutralization of group B phages, W-1 and W-5, by W-1 antiserum is seen in figure 2 (1) and in figure 2 (2) is shown W-5 phage, reacted with its homologous W-5 antiserum. It is interesting to note in comparing the two curves obtained by subjecting W-5 phage to W-1 and W-5 sera, that the shape of the curves is simiar in that there is an initial drop foliowed by a long period of little further reaction. The curve for phage W-3 of group C, subjected to its homologous serum, is seen in figure 3 . TIME (MIN) Figure 3 . Neutralization of group C phage by its homologous antiserum; W-3 serum at 1:1000 dilution was reacted against 10' particles/ml of W-3 phage. 
CHARACTERIZATION OF S. GRISEUS BACTERIOPHAGES
The neutralizing power of an antiserum against a given phage can also be expressed quantitatively in terms of a velocity constant k, which represents the fractional rate of neutralization of the phage per minute and is a property specific for the antiphage serum (Hershey et al., 1943 Ellis and Delbriick (1939) was used in following the growth characteristics of the S. griseus phages for the purpose of determining the latent periods and burst sizes. The experiments were run at 30 C, since that is the optimum temperature for growth of the host. Grouping of the phages by their latent periods (table 2) reveals the constancy of the character, as was reported also for the E. coli phages by Adams (1952) . In the S. griseus system it follows closely the serological grouping, with general uniformity within the groups and considerable difference in time between groups.
The latent periods concerned also lend support to the formation of group B where W-1 and W-5 are placed together despite the fact of only partial serological relatedness. Since homologous hosts were used for the one-step growth experiments, several strains of S. griseus were involved. However, it appears that the host is not an influencing factor on the latent period because W-2a phage on host strain 1947 has a reproducible latent period of 90 min whereas phages W-1A and B on the same host strain have a 120 min period. Similarly phages W-1 and W-3 which also have the same host require even longer latent periods, 160 and 180 min respectively. It will be noted that these latent periods are exceptionally long compared with the times reported for most phage/host systems.
Because of the mycelial nature of the host cells, the burst size characteristic of the S. griu phages might be expected to be more variable than for other phage systems (Adams, 1952; Friedman and Cowles, 1953; and Luria, 1945) . Chang (1953) found a range of 300 to more than 1000 particles per cell, depending upon conditions, but it was recognized that the apparent numbers were greatly affected by the size of mycelial fragments, counted as cell units. With the 5-6 hr germinated spores, used in the present study, there was opportunity to determine the burst size more precisely, which was done with results given in Burnet and Lush (1935) in their classfication of staphylococcal phages. The role of citrate is that of a chelating agent for Ca, in the medium, thereby rendering this compound unavailable for phage multiplication (Lark and Adams, 1953 (Delbruck, 1950) . The range of the greatest stability for the "T" viruses is reported to be pH 6-8 (Kerby et al., 1949) , and for the "M" phages it is somewhat wider, pH 5-10, but within each system, the phages may vary from one another in sensitivity (Friedman and Cowles, 1953) .
The pH optima for the S. griuec8 phages were tested with cell-free phage suspensions in 0.1 per cent peptone water, subjected to a range of hydrogen ion concentrations for 1 hr, after which the remaining viable phage was plated. As a whole, group A phages are more sensitive to low pH and more resistant to high pH than are the other phages ( (Chang, 1953) .
Thermwl inactivation of the phages. The rate at which viral protein is denatured at high temperatures is another physical inactivation test which may be useful in identification of a phage. Pollard and Reaume (1951) reported the rates of heat destruction of E. coli phages to be different for the four serological groups. Thermal inactivation rates were also determined for classification of the B. megaterium phages (Friedman and Cowles, 1953) and of S. Iactis phages (Wilkowske et al., 1954b) . The S. gri8eus phages were tested Group A W-1A.. 2 7 40 100 100 100 7-9 W-2a.. 3 9 62 100 100 100 7-9 B.. 5 8 76 100 100 100 7-9 C-131.. 1956] in cell-free lysates at pH 7.0, subjected to 60 C, since preliminary tests showed that this treatment revealed marked differences in rates of inactivation. When the log of the per cent survivors after exposure to 60 C is plotted against time, a linear relationship is obtained. A very definite correlation between serological grouping and thermal inactivation is seen in figure 4 , yet the reaction of each phage is distinct. Group A phages are most resistant to this temperature; groups B and C much less resistant and their rates of inactivation very similar.
The combined effect of heat (60 C) and of unfavorable pH was examined for one of the more resistant phages, W-2a. At pH 7.0 thermal inactivation proceeds linearly; at the destructive pH range, especially pH 9, the curve breaks and then levels off (figure 5). Non-linear curves of heat inactivation of S. lactis phage are reported by Wilkowske et al. (1954b) and are attributed to more resistant particles in the phage population. In the present study it appears that the non- 
